Introduction
Trade is critical to economic growth, and ports are critical to trade. Indeed, ports handle about 80 percent of global trade by volume and more than 70 percent by value (IMO, 2012) . In a globalized world in which technology and know-how can be easily acquired and the constant search for the most efficient supply chain drives trade flows, the performance of a country's transport infrastructure relative to that of competing countries is a crucial determinant of global competitiveness and growth.
Transport costs (defined as all shipping expenses of internationally traded goods from origin to destination country) represent a major component of trade costs. Clark, Dollar, and Micco (2004) find that bilateral trade falls by 22 percent when transport costs rise from the 25th to the 75th percentile of countries in their data set. Korinek and Sourdin (2009) report that a doubling of transport costs is associated with a decline in import volumes of 66-80 percent. Limao and Venables (2001) show that increasing transport costs by 10 percent reduces trade volumes by more than 20 percent.
The efficiency of port operations has a direct impact on the efficiency of the entire logistics chain along domestic and international freight corridors-and hence on transport costs. Efficient ports have shorter turnaround (loading and unloading) times and lower handling costs. Port efficiency is an important determinant of transportation costs: Doubling port efficiency reduces costs by as much as halving the distance between countries (Wilmsmeier, Hoffmann, and Sanchez 2006) . A 0.1 increase in port efficiency decreases maritime transport costs by 0.9-3.8 percent (Micco and Pérez 2002; Clark, Dollar, and Micco 2004; Wilmsmeier, Hoffmann, and Sanchez 2006; Blonigen and Wilson 2008) . South Asia's trade almost doubled in the past decade, with trade as a percentage of GDP increasing by 18 percentage points between 2000 and 2014. Since 2000 the region has also enjoyed the second-highest economic growth in the world (after East Asia), growing at an average annual rate of 6.8 percent (World Development Indicators Database).
Despite this progress, trade accounted for a smaller share of GDP in South Asia (47 percent) than in East Asia (55 percent) in 2014, and South Asia's economic competitiveness continued to lag that of other regions. Global indicators, such as the Global Competitiveness Report, point to shortcomings in the infrastructure endowment in the region, with ports one of the weakest links. How much would improvements in port performance reduce transport costs and increase trade in South Asian countries?
The literature on maritime transport costs has struggled to identify a consistent measure of port efficiency, often resorting to ad hoc measures that, by construction, do not control for the actual use of port inputs (Fink, Mattoo, and Neagu 2002; Micco and Pérez 2002; Sanchez and others 3 2003; Clark, Dollar, and Micco 2004; Wilmsmeier, Hoffmann, and Sanchez 2006; Blonigen and Wilson 2006) . A consistent efficiency measure would capture changes in port enhancements while keeping track of competing ports.
A strand of both the applied and theoretical literature measures port efficiency through in-depth research (Cullinane and others 2006; González and Trujillo 2008; and many others) . This line of research has not focused on the impact of port efficiency on transport costs and trade, however. This paper combines both approaches in order to quantify the cost of port inefficiency by showing what would have happened to transport costs and trade in countries in the Indian and Western Pacific Oceans, particularly in South Asia, had ports performed better.
The rest of this paper is organized as follows. The first section presents the drivers of maritime transport costs that previous studies have considered. The second section presents the empirical framework. The third section discusses the data. The fourth section presents the results. The last section summarizes the paper's main conclusion.
Determinants of Maritime Transport Costs
The importance of transport costs for trade has led to a flurry of research that attempts to pin down the characteristics and determinants of transport costs. Despite the many data challenges, research has identified various factors that determine maritime transport costs (table 1) .
Distance is historically one of the main variables used in analyzing barriers to trade. Transport costs are proportional to distance, albeit in a complex fashion.
Two main types of direct costs are associated with distance: time and fuel. Shipping operators require labor, for which the marginal cost (wages) is proportional to the time spent at sea. Longer times on ocean legs are associated with losses in productivity, as the same ship would be able to haul more merchandise over shorter distances.
Technological advances lead to an increase in the size of ships and a decrease in the overall time ships spend at sea. Bigger and faster ships allow more merchandise to be carried at lower cost. However, larger ships take more time at docks to unload, implying an inverse relationship between costs and size (OECD 2008) .
Fuel costs are also higher for longer distances. They rose steadily after 2000, peaking in 2008. An unintended consequence of rising fuel costs was that ship operators tended to reduce vessel speeds to compensate for higher prices, reducing productivity. There is thus a feedback effect between time and fuel costs. a. The first result compares the Port of Oakland with the most efficient port in the United States (RichmondPetersburg), where port charges are about 9 percent lower. The second result compares the Port of Rotterdam with the most efficient port outside the United States in the sample considered by the authors (Zeebrugge, Belgium), where port charges are 6 percent lower. b. Results are related to time inefficiency, productivity, and stay per vessel, respectively. c. Result is for bilateral trade. * Significant at the 10 percent level, ** Significant at the 5 percent level, *** significant at the 1 percent level.
Trade asymmetries have a large and significant effect on trade costs. Greece, for example, imports 60 percent more than it exports, whereas Ireland exports 40 percent more than it imports (Baldwin and Taglioni 2006) . If country 1 exports to country 2 while importing nothing from country 2, ships may haul empty containers on one leg of the journey and return with full containers. The exporter that receives the empty containers and sends the containers back packed often bears a higher cost. For example, India has a favorable trade balance with the 5 United States. In the first half of 2008, hauling a container from the United States to India cost about $1,500, whereas hauling it in the opposite direction cost about $2,500 (Korinek and Sourdin 2009) . Directional trade imbalances serve as a proxy for ships that carry empty containers on one leg of the journey (Clark, Dollar, and Micco 2004) .
Value-weight coefficients are similar across studies, despite their use of different data sets: The higher the value-weight, the higher the maritime transport costs (Micco and Pérez 2002; Clark, Dollar, and Micco 2004; Wilmsmeier, Hoffmann, and Sanchez 2006; Blonigen and Wilson 2008) . Because of the insurance component of transport costs, products with higher unit value have higher costs per unit of weight. On average, insurance fees are about 2 percent of traded value and represent about 15 percent of total maritime charges (Micco and Pérez 2002) .
The volume of freight is used to capture economies of scale. Higher demand for goods (that is, an increase in the volume of trade) is associated with lower costs. Micco and Pérez (2002) estimate that doubling the volume of trade between a given port and the United States reduces transport costs by 3-4 percent. Sanchez and others (2003) show that a 1 percent increase in the volume of trade leads to a 0.085 percent reduction in freight cost.
A large share of goods traded is shipped in containers, as opposed to tankers and dry bulk. Containerization should reduce transport costs, because containers are easy to load and unload and result in a larger volume of goods shipped.
A number of empirical studies, however, suggest that ocean transportation costs did not decrease much as a consequence of containerization (Sanchez and others 2003; Hummels 2007; Bridgman 2014) . One possible explanation is that transportation is not a conventionally competitive market, that cargo companies are able to exercise market power through legal cartels (Hummels, Lugovskyy, and Skiba 2009) . For this reason, innovations and freight rates do not necessarily have a one-for-one relationship (Bridgman 2014) .
Another possible explanation is that monetary costs do not fully capture the real gains from containerization, which might come from quality changes in transportation services, such as faster ships and quicker loading and unloading than with break bulk (Hummels 2007) . The marginal gains from further containerization seem to be small if containerization is already high. The technological effects associated with containerization are thus once-off effects.
Markups in the shipping industry take many forms. They often fall when rival companies compete on trade routes. In contrast, on low-volume routes, shippers often operate as monopolies or cartels. Markups on these routes are higher, as a result of price-fixing or cooperation agreements among shipping lines.
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Cargo reservation schemes still exist under the UN Liner Code, but regulation has reduced the extent of anticompetitive practices such as price-fixing agreements and maritime conferences.
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Other forms of protection, such as barriers to investment in maritime transport service, still exist (one example is the limitations foreign investors face when establishing local offices). Bertho, Bochert, and Mattoo (2014) find that policy barriers reduce trade by 28-46 percent through higher transport costs.
Port efficiency has received attention in the literature as an important determinant of the level of and changes in transport costs. The evidence shows a strong negative link between port efficiency and shipping costs (Micco and Pérez 2002; Sanchez and others 2003; Clark, Dollar, and Micco 2004; Wilmsmeier, Hoffmann, and Sanchez 2006) . However, there is no agreement on the measure of port efficiency. Consequently, the coefficient on efficiency in maritime transport cost estimations varies significantly across papers.
Clark, Dollar, and Micco (2004) incorporate ad hoc measures of port efficiency derived from the World Bank's Global Competitiveness Report. They construct an index ranking of port efficiency from survey responses of cargo handling firms to the statement "Port facilities and inland waterways are extensive and efficient" (1 = strongly disagree, 7 = strongly agree). They find that for the average country, an increase in port efficiency from the 25th percentile to the 75th percentile reduces costs by about 10-15 percent, everything else equal. Wilmsmeier, Hoffmann, and Sanchez (2006) estimate the effects of port efficiency on transport costs for 16 Latin American countries in 2002 using data from the International Trade Database, which is maintained by the United Nations. They note that port efficiency need not lead to a reduction in freight rates (ports might charge higher rates if they provide faster or more reliable services). Based on port efficiency data from the 2004 World Economic Forum, however, they show that a 1 percent increase in port efficiency leads to a 0.38 percent reduction in trade costs. If a country with the lowest efficiency improved efficiency to the levels of the country with the highest efficiency, freight charges would decrease by 26 percent.
Sanchez and others (2003) uses a similar methodology to study the effects of using a different measure of port efficiency on transport costs. They derive their port efficiency measure from a 1999 survey of 41 port terminals. Based on the survey responses, they compile weights, using principal components analysis, to construct efficiency scores. Only their productivity factorwhich included container handling capacity at port, the average number of containers per vessel, and the hourly container load rate-had a statistically significant impact on transport costs: A 1 7 percent increase in port efficiency (from a productivity perspective) reduces trade costs by 0.06 percent. Micco and Pérez (2002) find that increasing port efficiency from the 25th to the 75th percentile reduces shipping costs by more than 12 percent. They use transport cost data produced by the U.S. Department of Transportation for 1995-99 and an ad hoc port efficiency measure from the World Bank's Global Competitiveness Report.
The importance of port efficiency on reducing costs and improving trade is also illustrated by Blonigen and Wilson (2008) . They argue that for small, less-developed countries, port inefficiency has a larger trade-reducing effect than other trade frictions. They identify the costs associated with loading and unloading freight at ports, which are associated with efficiency, through fixed effects. They estimate the effects of port efficiency on transport costs between 1991 and 2003. However, their measure is likely to capture the effects of determinants unrelated to efficiency that are not controlled for in the regression.
All of these measures of port efficiency are statistically significant and show that port efficiency is an important determinant of transport costs. They rely, however, on ad hoc measures that do not control for the actual use of port assets or measures that can be very noisy. To avoid these problems, this paper builds a measure of economic efficiency based on the use of port inputs to deliver port output. It relies on data envelop analysis (an input-output approach for measuring efficiency) to rank countries in terms of their port efficiency.
Empirical Framework
By how much would improvements in port performance benefit countries in the Indian and Western Pacific Oceans? To answer this question, this paper (a) estimates port efficiency based on data envelop analysis (based on Herrera Dappe and Suárez-Alemán 2016); (b) presents a model of maritime transport costs that includes the impact of port efficiency (based on Fink, Mattoo, and Neagu 2002); and (c) uses a multilevel gravity model to test the impact of maritime transport costs on worldwide trade.
Estimating Port Efficiency Using Data Envelop Analysis
Data envelopment analysis (DEA) is the most frequently applied nonparametric methodology for estimating efficiency in the port industry as the relationship between inputs to the port production process and the outputs derived from it. 2 This deterministic method uses mathematical programming techniques to envelop the data as compactly as possible.
8 Charnes, Cooper, and Rhodes (1978) were the first researchers to present DEA. Roll and Hayuth (1993) were the first to explicitly advocate its use to estimate port efficiency. By presenting a hypothetical application of DEA to a fictional set of container terminal data, they revealed the potential of the approach. Since then various researchers (including Cullinane and Wang 2010 and Serebrisky and others 2016) have used DEA to estimate port or terminal efficiency.
An output-oriented efficiency measurement problem can be written as a series of K linear programming problems (one for each port) with the constraints differentiating between DEA constant returns to scale (DEA-CCR) and DEA variable returns to scale (DEA-BCC) models. The objective is to maximize the proportional increase in output while remaining within the production possibility set (U): A key factor in the efficiency estimations is the choice of inputs and outputs.
3 The choice of port facilities' follows the most commonly used approach in container port analysis. Capital is represented by the total port area and the length of all container and multipurpose berths in the port. Information on labor inputs is derived from a predetermined relationship to cranes. Following the approach used in the port literature (Notteboom, Coeck, and Van Den Broeck 2000; Cullinane, Ji, and Wang 2005; Cullinane and Wang 2010) , the analysis includes the number of models make no such assumption; within this category, data envelop analysis is the most commonly applied methodology. Suárez-Alemán and others (2016) provide a detailed review of studies employing both approaches. 3 The inputs usually selected for these analyses are physical facilities, such as the number or size of berths, gantry cranes and equipment, terminal yardage, and the labor force (Cullinane, Ji, and Wang 2005) . 9 ship-to-shore or gantry cranes and the number of mobile or quay cranes with capacity of more than 15 tons as a proxy. 4 For outputs, it uses the number of 20-foot equivalent units (TEUs).
Modeling Maritime Transport Costs
The seminal paper by Fink, Matto, and Neagu (2002) is used as a reference point in determining structural factors that affect transport costs. Fink, Matto, and Neagu (2002) propose a simple pricing formula that relates the cost of transporting goods from origin to destination country as a simple marginal cost (related to distance, the volume of trade, the value of trade, port efficiency, trade imbalances, the level of containerization, and other possible controls, such as oil prices and a markup term) proxied by various price-fixing agreements and variables that capture market power. The reduced-form equation to be estimated and tested following Fink, Matto, and Neagu (2002) . The pricing formula, which is now standard, is specified as follows (all in logs):
where is the unit transport cost, in logarithm, for commodity k transported between exporter country j and the United States in year t; k is the commodity transported in containers. The unit transport cost is the sum of the marginal costs plus the markup. Following the literature 5 and the variables identified in table 1, the marginal cost term is expressed as follows:
where captures import country-specific characteristics, such as port and auxiliary services (which are not part of the dependent variable). Differences in the commodities shipped are captured by .The term is the percent of containerized shipments in country j, expressed as a ratio of the weight of containerized cargoes to the weight of all cargo. The term is the logarithm of the product of oil prices ( ) and distance ( ). It captures the costs associated with distance that vary with the price of fuel. 6 The term captures economies of scale, measured as the total weight of cargo carried by liners between exporter country j and the importer country. The term represents the trade imbalance between the United States and exporter country j. It is calculated total country j imports from the United States minus country j 4 In order to avoid overestimating container terminal facilities, this paper follows the assumption made in Serebrisky and others (2016) for Latin America, which considers only cranes that are able to manage containers. (2008), we add the imbalance between imports and exports, value-weight, and GDP to Finks' model. 6 Multiplying the distance between two points by the price of fuel not only introduces time and crosssectional variation, it also captures the true underlying cost of distance. exports to the United States as a ratio of total trade between the countries. The term is the value per weight measure for commodity k. The term is the logarithm of exporting country GDP per capita, a proxy for infrastructure development in the exporting country. The term represents the average intertemporal efficiency of container ports in the exporting country.
Markups are expressed as
where represents a product-specific effect that captures differences in transport demand elasticities across commodities and is a port connectivity index that should capture how well countries are connected to global shipping networks. It is based on five components: the number of ships, the container-carrying capacity, the maximum vessel size, the number of services, and the number of countries that deploy container ships in a country's port. 7 The term should have a negative sign: The better connected to the network a port is, the lower the transport costs.
Substituting equations (3) and (4) into equation (2) yields the equation to be estimated:
( , , ) = + + +
where = ( + ) and is assumed to be i.i.d.
Estimating the Impact of Maritime Transport Costs on Worldwide Trade
We employ a traditional gravity model to study the effects of transport costs on trade. 8 The micro founded-gravity equation can be expressed as
where are exports from country j to importer country; is a trade impedance factor that depends on distance and maritime transport costs; and are real GDP for the importer country and exporting countries j and a proxy for the expenditure of goods; and is the elasticity of substitution among commodities. The baseline gravity model also takes into account the gravitational constant by assuming that equation (6) takes the form of a hierarchical specification. It can be written (in logs) as
Data Description
The data set includes information on 12 developing countries in the Indian and Western Pacific Oceans and 35 container ports (table 2) . The analysis is constrained to one importing country, the United States, for which good-quality data are available. Figure 1 shows the importance of exports to the United States as a share of total exports from the countries considered in the analysis. The data set is compiled from several sources. The primary source is the Maritime Transport Cost data set of the Organisation for Economic Co-operation and Development (OECD). 9 It includes (a) the total cost of transporting a given product in a given year, expressed in dollars; (b) the unit transport cost (cost per kilogram or cost in dollars required to transport 1 kilogram of merchandise); and (c) the ad valorem equivalent, or the transport cost divided by the total import value (the share of transport cost in the total import value of the product).
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Actual costs include freight, insurance, and other charges (excluding import duties) associated with bringing the merchandise alongside the carrier at the origin port and placing it alongside the carrier at the first port of entry from the importing country (OECD 2008) . Charges by specific ports are thus included. The value of imports (cost divided by ad valorem costs) and the volume of imports in kilograms (cost divided by unit cost) are calculated using these data. The value of shipped goods does not always factor in the cost of shipping when costs are based on containers or weight equivalents. We use data only for container traffic and commodities transported in containers, which are disaggregated at the two-digit Harmonized System level for all 99 chapters for 2000-07. Data on distance come from www.sea-distances.org, data on trade imbalance from the UN Comtrade 13 database, 11 data on oil prices from BP energy statistics, 12 and data on the connectivity index and GDP from the World Bank database. Table 3 displays the descriptive statistics for variables used in the maritime transport costs and gravity estimations.
Data on annual container throughput, total terminal area, total length of berths, the number of mobile cranes with container-handling capacity, and the number of ship-to-shore gantry cranes come from various editions of the Containerization International Yearbooks (2002-09). Table 4 presents descriptive statistics by region. The average port in the sample moves about 900,000 TEUs annually. It has a terminal area of about 475,000 square meters, a total berth length of 1,501 meters, 7 gantry cranes, and 4 mobile cranes. The summary statistics show that East Asian and Pacific ports handle considerably more containers (by employing larger facilities) than African and South Asian ports. Figure 2 displays the results of an output-oriented intertemporal DEA. In 2000 the average efficiency score for the 35 ports in the dataset was 0.37 (on a 0-1 scale). By 2007, the end of the period of analysis, average port efficiency had risen to 0.49. Average scores for the period as a whole indicate that ports in East Asia and Pacific (0.42), excluding China and Singapore, and South Asia (0.43) were much more efficient than ports in Africa (0.35), although there is room for improvement in all regions. Note: Efficiency scores range from 0 (most inefficient) to 1 (most efficient).
Empirical Results

Impact of Port Efficiency on Maritime Transport Costs
Port efficiency measures from the time-varying relationship between the use of port assets and port throughput are considered in the estimation of the determinants of maritime transport costs (equation 5). Table 5 presents the estimation of the pricing formula that links the cost of transporting goods from origin to the destination country to a marginal cost (columns 1 and 2). Column 3 adds the markup term. We control for possible biases that might emerge from endogeneity or misspecification. We use port throughput, terminal area, berth length, and the number of cranes as instruments and the standard Hausman test for endogeneity, the Hansen Jstatistic for overidentification of instruments, and the identification test of Craig-Donald. All the tests favor ordinary least squares over an instrumental variables estimation (results available upon request). Alternating or combining instruments does not improve the overall test statistics, primarily the model fit.
Censoring observations and omitting outliers leaves 5,906 observations. We include only countries and commodities with observations available for the entire sample period (2000-07).
The within-transformation is used to estimate equation ( 15 commodity heterogeneity (the fact that not all commodity costs share similar features). A set of trade-pair dummies is included to control for differences between countries, and time dummies are included to control for time-specific effects. 
Oil prices*distance ( Note: Standard errors in parenthesis. ** Significant at the 5 percent level, *** significant at the 1 percent level.
The effect of containerization on transport costs is not significant, a result similar to that in Sanchez and others (2003) . There are two potential explanations for why this might be. First, most shipped cargo is already in containers, so the rate of containerization does not capture technological changes, as it did in the past (previous studies included it as a proxy for technology). Second, containerization may not be the most reliable proxy for changes in technology. If the data were available, better proxies would be the carrying capacity of liners, the use of fuelefficient technologies, and on-ship facilities to organize cargo.
Our results on trade imbalance indicate that the availability of empty containers at the exporting port determines maritime transport costs. Larger flows of exports to the United States relative to imports from the United States mean that empty containers come to pick up exports, raising maritime transport costs. A 10 percent decrease in the trade imbalance, calculated as total country j imports from the U.S. minus country j exports to the U.S. as a ratio of total trade between the countries, increases maritime transport costs by about 2 percent. Exporting countries with higher GDP per capita face lower maritime transport costs for their exports, as a consequence of better trade infrastructure and services.
The proxy for markups (liner shipping connectivity) is not significant, although it has the correct sign. Identifying proper markups of maritime transport costs and finding reasonable and statistically significant estimates is a challenge. 14 We tested the effects of services trade restrictions in our panel set-up but decided to drop it because of the limited variation over time.
The analysis indicates that differences in port performance in the Indian and Western Pacific Oceans explain differences in maritime transport costs: The more efficient the port, the lower the maritime transport costs. A 0.1 increase in efficiency levels for the port sector in a country reduces the maritime transport costs of its exports to the United States by 2.3 percent. Raising port efficiency from the 25th to the 75th percentile reduces transport costs by about 3.6 percent.
15 How ports employ their facilities thus has a direct effect on transport costs. Figure 3 presents the average cost savings by country if ports had performed as well as the best performing port in our sample. Becoming as efficient as the most efficient country (Sri Lanka) These results are robust to several changes in variables and samples. As a robustness checks, we used various substitutes for port efficiency, including the time ships are idle at the ports, the preberthing time, and turnaround time. Results remain stable when countries or a group of countries are picked at random and removed from the data set. The robustness checks also include a smaller sample that excludes countries in East Asia and Pacific, to study the stability and robustness of the slope estimates. Table 6 shows the results from the estimation of the gravity equation (7). Column 1 summarizes the results if only commodity heterogeneity is controlled for; column 2 controls for both commodity and time heterogeneity; and column 3 controls for commodity, time, and country heterogeneity. Estimations are robust to the inclusion of the usual controls for language, colony, and religion (results are in the appendix). In the first two specifications, the GDP product coefficient is close to 1 (that is, close to what the theory predicts). The distance variable has the expected sign and is statistically significant. The unit cost measure on bilateral trade is constant across all three specifications. A 1 percent reduction in shipping costs increases trade by approximately 0.16 percent. The coefficient on unit costs is smaller than in Korinek and Sourdin (2006) : -0.16 versus -0.26. The difference reflects the fact that we use only containerized cargo in our estimations, whereas Korinek and Sourdin (2006) use data on other types of cargo as well.
Impact of Port Efficiency and Transport Costs on Trade
An increase in port efficiency from the 25th percentile to the 75th percentile reduces transport costs by about 3.5 percent and increase the value of exports to the United States by 0.56 percent. If countries became as efficient as Sri Lanka, maritime transport costs would fall by up to 14 percent, which translates into an increase of exports to the United States of up to 2.2 percent.
Conclusion
Many countries that want to become more competitive in global markets tend to jump to the conclusion that they need to invest more in infrastructure, particularly in transport sectors like ports. Although many developing countries do face important infrastructure gaps, massive new investments are not the only way to improve competitiveness. Countries have significant 19 potential to make more efficient use of the infrastructure they already have. Improving the performance of existing ports, enabling them to handle higher levels of cargo with the same facilities and in a shorter time, can be a truly cost-effective approach to reducing transport and trade costs. Doing so can significantly increase the volume of trade.
This paper is the first to focus on ports on the Indian and Western Pacific Oceans and the first to use efficiency measures based on port input and output data, which serve as international benchmarks. The findings show that countries on the Indian and Western Pacific Oceans can significantly benefit from increased efficiency in the use of existing container port facilities. The estimated potential gains for each country help policy makers assessing the importance of improving port performance, and hence prioritizing interventions. * Significant at the 10 percent level, ** significant at the 5 percent level, *** significant at the 1 percent level.
